Recombinational repair of hydrogen peroxide-induced damages in DNA of phage T4.
Recently, hydrogen peroxide and its free-radical product, the hydroxyl radical (OH.) have been identified as major sources of DNA damage in living organisms. They occur as ubiquitous metabolic by-products and, in humans, cause several thousand damages in a cell's DNA per day. They are thought to be a major source of DNA damage leading to aging and cancer in multicellular organisms. This raises two questions. First, what pathways are used in repair of DNA damages caused by H2O2 and OH.? Second, a new theory has been proposed that sexual reproduction (sex) evolved to promote repair of DNA in the germ line of organisms. If this theory is correct, then the type of repair specifically available during the sexual process should be able to deal with important natural lesions such as those produced by H2O2 and OH. . Does this occur? We examined repair of hydrogen peroxide damage to DNA, using a standard bacteriophage T4 test system in which sexual reproduction is either permitted or not permitted. Post-replication recombinational repair and denV-dependent excision repair are not dependent on sex. Both of these processes had little or no effect on lethal H2O2 damage. Also, an enzyme important in repair of H2O2-induced DNA damage in the E. coli host cells, exonuclease III, was not utilized in repair of lethal H2O2 damage to the phage. However, multiplicity reactivation, a recombinational form of repair depending on the sexual interaction of two or more of the bacteriophage, was found to repair lethal H2O2 damages efficiently. Our results lend support to the repair hypothesis of sex. Also the homology-dependent recombinational repair utilized in the phage sexual process may be analogous to the homology-dependent recombination which is widespread in diploid eucaryotes. The recombinational repair pathway found in phage T4 may thus be a widely applicable model for repair of the ubiquitous DNA damage caused by endogenous oxidative reactions.